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Abstract

Vertical profiles of natural radionuclides(K-40 and Ra-226) have been investigated

in a soil core with 8 m in depth to elucidate its relation to the bed rock activity and to

several soil properties. Pattern of the Ra-226 activity with soil depth suggests

inhomogeneity of this nuclide during the accumulating process. Radiometric sorption

experiments with Pb-210 as a tracer gave the result that almost all Pb(II) in the soil

solution disappeared to be sorbed to the soil components.

Introduction

Much concern has been focused on monitoring of natural radioactivities in various

geological fields including urban districts in Japan, partly because of the nuclear

accident happened at a fuel processing company at Tokaimura in September 1999. The

real problem is not just the accident itself, but many people become scared without any

idea of what's radiation(and radioactivity) is. They do not even know natural radiation

by which they are inevitably irradiated in everyday life.

On the aspect of potential risk by radon emanation from the ground, there are

several experts in our country who have measured indoor radon in many parts of the

islands for many years(l). They reported that indoor radon concentration of most of the

Japanese houses being 20.8 and 18.8 Bq/m3 in mean and its standard deviation,

respectively would not be in dangerous situation compared with those obtained in other

countries all over the world(2).

Radon emanation occurs locally rather than globally depending on various

environmental factors such as meteorological, geological, geographical and construction

conditions(l,3,4). It is true that before reaching a top of the soil surfaces, radon and

its progenies had traveled long way from the bed rock.

The present study is focussed on the behavior of natural radionuclides contained in
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soils and their relation to the bed rock radioactivities. Main source of indoor radon is

the ground beneath a building. The soil above the bedrock and bedrock itself always

contain a certain amount of U-238 and Ra-226 from which Rn-222 is to be produced.

Radon gas produced at large depth may be transported in different ways up to the

ground surface by other means than pure diffusion, which is especially the case in faults

in the bedrock(5). Water level in the ground is another factor controlling mobility of

'Rn-222 with a half life of 3.8d. If Rn-222 released from the bedrock retains within a

soil layer for a while, there would be little chance for the nuclide to be out to the

atmosphere, and Pb-210, a daughter product of Rn-222, is to interact with soil

components because of its long half life.

The purpose of the present study is i) to investigate vertical distribution of natural

radionucIides(K-40 and Ra-226) of a soil core with 8 m in length, and ii) to elucidate its

relation to the bed rock activities. Sorptive properties of Pb(II) whose source in the

soil environment is not only natural but also anthropogenic has also been investigated in

the laboratory experiment using Pb-210 as a tracer.

Experimental

Instruments Germanium gamma ray spectrometer with a high purity germanium

detector(GEM-25185-P, Seiko EG&G. Japan, 57.7mm in diameter, 28.4% relative

efficiency and a resolution of 1.67 keV at 1.33 MeV), Radiation monitor(Pylon AB-5

Canada), Nal(Tl) Scintillation counter(Aloka ARC301B, Japan), X-ray

diffractometer(Mac Science MXP, USA), Centrifuge (Hitachi Japan), Mechanical

Shaker (Kokusan Partner, Japan )

Materials and methods

Soil samples-Cored soil sample(down to about 8 m from the surface) was collected

from Tono district in Gifu Prefecture(Japan) in July 1999.

Reference material for the activity measurement-Two soil samples with known activities

were purchased from IAEA(IAEA-Soil-6 and IAEA-312), and used as reference

materials for the measurement of Ra-226 in our soil samples.

Radioisotopes-Manganese-54, Zinc-65 and Pb-210 obtained from the Japan

Radioisotope Association in the form of chlorides in 0.5M hydrochloric acid. The

nominal specific activities of these nuclides were 240.190 GBq/mgMn, 93.232

MBq/mgZn and 159.82 kBq/mgPb, respectively.

Activity from Ra-226 and K-40 was determined by y-ray spectrometry. The samples
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were placed in sealed containers and left for at least three weeks before counting to

ensure Rn-222/Ra-226 equilibration.

Chemical properties of the soil solutions were investigated on pH, Eh and

conductivity.

Sorption experiments were carried out according to the procedure described

previously by using Mn-54, Zn-65 and Pb-210 as radiotracers(6). On evaluating sorbed

amounts of these nuclides, several standards of known activities were used.

Results and discussion

Soil samples used in this study were collected from Tono district in Gifu

Prefecture(Japan) where granitic rocks and rhyolites(Nohi rhyolite) lie as the major base

rock, and porcelain clay is abundant to be famous for the production of porcelain wares

for a long time. There exists an old uranium mine, too.

The present authors had an opportunity to get a cored soil down to about 8 m in

depth. The core was cut every 50 cm except for the uppermost portion, and each of

them was homogenized, dried and stored at room temperature for the analyses.

In order to get information on chemical properties of the soils, measurements were

carried out on pH, Eh and conductivity of the soil solutions. Figure 1 shows the

vertical profiles of pH, Eh and conductivity in the soil solutions. It is quite different in

appearance between shallow and deep parts of the cored soil. In any case, a boundary

was about 350 cm in depth. All data on pH, Eh and conductivity gave values

decreasing drastically from the surface down to this depth. After that, the values

remained rather constant independent of the soil depth, where a reduced condition

would be maintained. Redox condition of the soil environment also controls

mineral composition, and thus pH values of the soil solution. Among various minerals

constructing soil inorganic fraction, carbonates may be one of the predominant

components determining soil pH(>8) in shallow part, whereas some type of

aluminosilicates may control soil pH(about pH5-6) in deep part of the soil. It should

be noted that there appears a high conductivity region at around 700 m in depth

reflecting different minerals controlling the soil pH. Such a speculation may be partly

supported by x-ray diffraction analyses of the samples.

Gamma ray spectrometric analyses were then carried out on about 80 samples of the

soil core. Radioactivity of Ra-226 was evaluated by using two reference materials

purchased from IAEA(Soil-6 and Soil-312), while K-40 activity was obtained from a
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Figure 1 Plots of pH(a), Eh(b) and conductivity(c) in soil solutions versus soil depth.
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Figure 2 Vertical profiles of K-40(a) and Ra-226(b) activities in the soil samples.
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Figure 3 Plots of Ra-226 activity against K-40 activity in the rock samples.
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calibration curve with reagent grade KC1 as a standard with known activity. Vertical

profile of K-40 activity shows that all values fell in the range from 100 to 170 Bq/Kg of

dried soil(Fig. 2a). High values of K-40 activity were observed at several points of the

core in which aluminosilicates containing potassium would be predominant.

Anyway, the values obtained in this study are within the range of 110 to 740 Bq/Kg

quoted by the United Nations Scientific Committee on the Effects of Atomic

Radiation(7). In contrast to the K-40 profile, Ra-226 activities were varied to a high

degree with depth(Fig. 2b). The highest Ra-226 activity was found to be 82 Bq/Kg at

445m in depth where weathered products of granite were abundant in the soil

components. There appear many other peaks in the figure which would reflect

pertinent minerals contained in the soil. Mean Ra-226 activity was about 50 Bq/Kg,

which is in line with a world average specific activity, in soil, of 40 Bq/Kg(7). It was

verified that the activities of both Pb-214 and Bi-214, the progenies of Rn-222 correlate

each other at all the depth investigated. On the activities of U-238 daughter nuclides,

Mora and Salazar(8) reported the values after Ra-226 in the decay chain of U-238 were

significantly lower than that of Ra-226, which was due to escaping Rn-222 from porous

materials such as soil or volcanic material.

Activities of K-40 and Ra-226 were also measured for several rock samples

collected at the same point as the soil core. Figure 3 shows plots of Ra-226 activity

against K-40 activity in these rocks, which indicates that at least three types of rocks

would be included in these samples; granite, sand stone and tuff. Possible minerals

having high K-40 activity is of feldspars, whereas high Ra-226 content comes from

biotite contained in granitic rocks.

Comparing K-40 and Ra-226 activities of both soil and rock samples suggests that

the origin of those nuclides would be different, and the distribution of Ra-226 in soils

would be far from homogeneous.

Behavior of radon released from the bed rock into the soil environment is influenced

by many factors. Considering a situation that Rn-222 could not be out to the

atmosphere within its life span, a disintegrated product of Rn-222, Pb-210 with a half

life of 22.3y, would come on a stage to investigate, since lead is toxic for most of the

terrestrial organisms, and origin of lead isotopes is of another importance in the

environmental point of view(9).

The authors investigated sorption of Pb(II) to the uppermost portion of the core by

using Pb-210 as a tracer. Table 1 lists the results of sorption isotherm of Pb(II) as well

as those of Mn(II) and Zn(II). As shown in the table, the amount of Pb(II) at the

maximum sorption. Am(Pb) was more than ten times higher than corresponding values
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Table 1 Comparative lists of data on maximum sorption(Am) and

sorption equilibrium constant of Pb(II), Mn(II) and Zn(II) in the

uppermost soil sample. Possible error of each value is estimated to be

±2%.
Metal(M)

Pb(II)

Mn(II)

Zn(II)

Maximum sorption

AJMymmol/lOOg

5.01

0.408

0.233

Sorption equilibrium constant

/102 cmVg

187

8.63

11.6

for both Mn(II) and Zn(II), which indicates that if Rn-222 is retained within a soil

layer for a while, a daughter product, Pb-210, would be strongly sorbed to certain soil

components.

Factors influencing Pb(II) sorption to soils is to be investigated.
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